pharmaceutical" community interventions [2] , with public health promotion of the use of simple but effective preventive measures such as hand hygiene and face masks [3] . Previous studies of severe acute respiratory syndrome (SARS) highlighted the need for the promotion of preventive measures to take into account background perceptions of risk and anxiety, because higher perceived risk of infection was more likely to lead to an increase of precautionary measures against infection [4, 5] . During the current pandemic, higher risk of infection and higher perceived severity of infection was associated with greater use of recommended behaviors in the United Kingdom [6] . Other studies have examined initial responses to the pandemic in Hong Kong [7] , India [8] , Malaysia, and Europe [9] , and internationally by an internet survey [10] . In this study we investigated the psychological and behavioral responses of members of the general community in Hong Kong through the entire first wave of the 2009 influenza A(H1N1) pandemic and the factors associated with greater use of preventive measures. 
METHODS
Participants were recruited by random-digit dialing of all landbased telephone numbers in Hong Kong, where landline telephone penetration exceeds 98% [4] . Telephone numbers were randomly generated by a computer system. Trained interviewers made telephone calls during nonworking hours to avoid overrepresentation of nonworking groups. Within households, adults (age, у18 years) who lived in the house at least 5 days per week and were in the house were qualified to be randomly selected on the basis of a Kish grid. If the selected participant was busy, up to 4 follow-up calls would be made. Respondents were required to be Cantonese speaking. Unanswered calls were given 4 more follow-up calls, made at different hours and weekdays, before being classified as invalid. Verbal informed consent was obtained from all participants. Ethics approval was obtained from the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster. Thirteen surveys were conducted in total. The survey instrument was similar across the 13 surveys and retained the same core items throughout while rotating some topical items. The instrument was based on an instrument previously used during the SARS epidemic [4] . It collected information on knowledge of modes of transmission, psychological responses to pandemic influenza, preventive behaviors, and sociodemographic characteristics and was pretested for face and content validity, length, and comprehensibility. Most responses were of the ordinal Likert-type. The time taken to complete a survey, with 100 items on average, was ∼15 minutes. Additional details on the survey items are provided in Table 1 .
Each of the 13 surveys was conducted over a period of 3-5 days between April and November 2009. The first survey commenced on the same evening that the Hong Kong government announced the first laboratory-confirmed H1N1 case. Table 2 shows the exact period covered by each survey and the final sample sizes and response rates. All but one survey included at least 1000 respondents, a sample size that led to a sampling error of at most ‫.%3ע‬ Survey 6 was slightly shorter and was conducted immediately after the first H1N1-associated death in Hong Kong on July 16.
The demographic characteristics of each survey sample were compared to reference population data provided by the Hong Kong Government Census and Statistics Department [11] . Means and proportions of survey items were directly weighted by sex and age to the general population and presented for all 13 surveys. For variables with ordinal Likert-type response scales, we first constructed stacked line plots and verified that trends were similar across the range of responses (data not shown); we then dichotomized responses above or below a threshold for final presentation.
We used multivariable logistic regression analyses to examine the factors affecting the use of preventive measures. We focused on the relationships between knowledge, perceptions, and behaviors from survey 3 onward for 2 reasons: first, because psychological responses were somewhat different in surveys 1 and 2, and second, because the local epidemic of H1N1 did not begin until survey 3 (June 9-12). Therefore, preventive behaviors reported in surveys 1 and 2 related to actions against a potential threat, whereas in survey 3 onward the behaviors related to actions against a real confirmed threat. Data from survey 6 were excluded because it was a smaller survey (in sample size), and some survey items relevant to these analyses had been removed to allow space for other items specifically investigating psychological responses to the first local death. We excluded responses on preventive behaviors from the small number of participants who reported influenza-like illness (fever plus cough or sore throat) in the 2 weeks preceding the survey (ranging from 0.2% to 1.5%), because the factors associated with the use of preventive behaviors of infectious people to reduce transmission to others are likely to differ from the factors associated with the use of preventive behaviors to protect oneself against infection.
Associations between preventive behaviors (outcome variables) and sociodemographic characteristics, knowledge on modes of transmission, and psychological responses to pandemic influenza (explanatory variables) were very consistent across surveys 3-5 and 7-13 (10 surveys in total) in separate multivariable logistic regression models for each survey (data not shown), so we specified multilevel models to estimate the average effects of each predictor across all the surveys, with a random effect to explain low-level systematic variability in the outcome variables between surveys. The multilevel models were therefore specified with individual responses (first level) nested within surveys (second level). We used multiple imputation to allow for a small proportion of missing data (no more than 6% on any predictor) and to make the best use of all available data [12] . Statistical analyses were conducted with R software, version 2.9.1 (R Development). Raw data from the study and R syntax to permit reproducible statistical analyses are available on request.
RESULTS
A total of 127,715 telephone calls were made in the 13 surveys. The overall response rate, defined as the number of participants (12, 965) divided by the number of calls with eligible respondents (18,560), was 69.9% ( Figure 1 ). Figure 2A shows the epidemic curve of notified cases of laboratory-confirmed H1N1 and provides a chronology of key events. Following the World Health Organization (WHO) global alert, Hong Kong health authorities initially operated under containment phase protocols, including entry screening at airports, ports and border crossings, hospital isolation of cases, tracing, and quarantine of contacts and routine antiviral prophylaxis. Once the first local case was identified on June 11, Hong Kong transitioned to mitigation phase protocols, with greater attention to public health promotion of preventive measures. All kindergartens and primary schools were closed from June 12 until summer vacation in early July [13] . Incidence peaked in September, and the first wave petered out by early November. There were 41 deaths associated with H1N1 between July 16 and November 30, 2009 .
The state anxiety level of the general public (measured by the State Trait Anxiety Inventory) remained fairly low throughout the pandemic, without any noticeable changes ( Figure  2B ). Perceived worry if infected ("worry") gradually declined through the study period, with a slight perturbation around the time of the first H1N1-associated deaths in Hong Kong in the second half of July ( Figure 2C ). Perceived risk of infection in the following month ("absolute susceptibility") was initially high, declined in May, and temporarily rose in June as the local epidemic began, before fluctuating between 10% and 15% for the remainder of the study period. Perceived risk of infection relative to others ("relative susceptibility") remained lower throughout. Perceived severity of H1N1 compared with SARS ("severity") was high in the initial survey in April and declined to low levels by the time the local epidemic began in June.
The knowledge of the general public about the modes of transmission of H1N1 is shown in Figure 2D . The proportion of correct answers was high and remained relatively stable over time, with almost all respondents correctly identifying that H1N1 can be spread by droplets (median, 93%) and the majority of respondents correctly identifying that H1N1 can be spread by indirect hand contact (median, 8%) and direct hand contact (median, 62%). More than two-thirds of respondents reported the misconception that H1N1 could be spread by the oral-fecal route (median, 72%), and through the study period there was a statistically significant increase in the proportion of respondents believing that H1N1 can be spread by cold (1 is not anxious at all, and 4 is very anxious). C, Proportion of respondents reporting higher worry if becoming ill (more, much more, or extremely worried), higher absolute susceptibility (certain, very likely, or likely), higher relative susceptibility (certain, much more, or more likely), and higher severity (much more or more severe than SARS). D, Proportion of respondents reporting "yes" to 5 possible transmission modes of H1N1. E, Proportion of population reporting greater personal hygiene measures (always or usually) and home disinfection in the preceding 3 days. F, Proportion of population reporting cough etiquette (always or usually), face mask use (always, often, or sometimes), and social distancing due to H1N1 in the preceding 3 days. Estimates shown in panels B-E have been weighted by age and sex to the Hong Kong population and are plotted at the central date of each survey. See Table 1 for additional details of the survey items. 
NOTE.
Responses to questions regarding behavior were "always and/or usually" vs "often and/or never." Numbers in some categories may not sum to the total (10,334) because of missing data. Data are adjusted odds ratio (95% confidence interval), unless otherwise noted. Estimates in bold are significant at . ILI, influenza-like illness; SARS, severe acute respiratory syndrome. P ! .05 weather (median, 24%). Although influenza activity typically occurs in temperate climates during the winter, Hong Kong usually experiences 2 periods of peak influenza activity every year, with 1 peak in the winter (February to March) and 1 peak in the summer (June to July) [14] . In 2009 following the usual winter and summer influenza seasons, pandemic H1N1 incidence continued to rise through the summer and peaked in September (Figure 1) . The role of seasonality in influenza transmission remains unclear [15] .
As the local H1N1 epidemic increased through the summer, the adoption of various hygiene measures and face mask use was relatively stable with slightly decreasing trends, whereas social distancing declined steadily through the epidemic with statistical significance (Figure 2E and 2F) . Participants avoided eating out, avoided using public transport, avoided going to crowded places, and rescheduled travel plans more often during the early stages of the pandemic. Table 3 shows the factors associated with greater use of 5 hygienic measures, including 4 measures relating to hand hygiene, and home disinfection. Female sex and older age were generally associated with greater reported use of hygiene measures. Higher anxiety was significantly associated with lower use of all 4 hand hygiene measures but an increased probability of home disinfection. There were no consistent trends between use of hygiene measures and relative susceptibility or absolute susceptibility. Lower perceived severity was generally associated with less use of hygiene measures. Greater worry was associated with a substantially higher probability of home disinfection. Knowledge that H1N1 could be spread by indirect contact was associated with higher use of all 5 hygiene measures.
The factors associated with greater use of cough etiquette and face masks and 4 social distancing measures are shown in Tables 4 and 5 , respectively. Female sex and older age were significantly associated with increased probability of reporting avoidance of crowded places and rescheduling of travel plans. Female sex was also associated with greater use of face masks and cough etiquette. Higher anxiety was associated with a lower use of cough etiquette but greater probability of all 4 social distancing measures. There was no significant association between anxiety and the use of face masks. Poorer self-rated health, higher absolute susceptibility, and higher relative susceptibility were associated with greater use of face masks. There were no consistent trends between cough etiquette or social distancing measures and relative susceptibility or absolute susceptibility. Greater worry if infected was associated with greater use of face masks and substantially greater use of all 4 social distancing measures. Knowledge that H1N1 could be spread by droplets was associated with greater use of cough etiquette but not greater use of face masks. Knowledge that H1N1 could be spread by indirect contact was associated with higher use of cough etiquette, face masks, and all 4 social distancing measures.
DISCUSSION
The WHO global alert of the 2009 influenza A(H1N1) pandemic issued on April 25, 2009, was followed by a whirlwind of media attention. Initial fears of a moderately severe pandemic with a 1968-like case fatality rate [16] declined as the mild nature of most cases [17] and the substantial degree of preexisting immunity in older age groups [18] became apparent. When local transmission was confirmed in Hong Kong on June 11, 2009, it was becoming clearer that H1N1 had similar characteristics to seasonal influenza, and most people perceived that H1N1 was not as severe as SARS and that they had a low risk of infection ( Figure 2C ). In terms of the state trait anxiety inventory score, the average anxiety level, of ∼1.8 ( Figure 2B ) was much lower than the highest value observed during the local SARS epidemic, which reached 2.5 during the peak of the Amoy Garden outbreak [4] . Local deaths and steadily increasing case numbers during the summer did not appear to lead to any substantial changes in anxiety ( Figure 2B ).
We identified unusual correlations between the epidemic curve and perceived absolute susceptibility to infection, where risk of infection was thought to be higher at the end of April and in early summer, but lower at the peak of the epidemic in September. Perceived severity compared with SARS was initially very high but declined sharply during May and remained stable at a lower level through the remainder of the epidemic ( Figure  2C ). However, ∼15% of the population continued to believe that H1N1 was the same as or more serious than SARS in spite of a case fatality rate of !1 per 1000 infections (vs 1 in 6 infections for SARS [19] ) and a total of 45 H1N1-associated deaths by early December (vs 302 for SARS [19] ). The lack of change in perceived susceptibility as the epidemic grew suggests that risk communication was not effective, and a more detailed study is warranted to explore the impact of risk communication from official (eg, government) and unofficial sources (eg, peer groups) on perceived risk and behavior.
A study conducted in Hong Kong in early May identified that ∼30% of the population did not know that H1N1 could be spread by direct or indirect contact [7] , and we did not identify any discernible improvements in knowledge as the epidemic developed ( Figure 2D ) despite public health campaigns, particularly those focusing on personal hygiene during the mitigation phase. It is troubling that the proportion of the population believing that H1N1 can be spread by cold weather increased substantially during the epidemic.
The negative correlation between state anxiety and hygiene identified in our study (Table 3) has not been reported in previous epidemics. In studies conducted during SARS, higher anxiety was associated with greater probability of using at least 
NOTE.
Responses to questions regarding behavior were "always and/or usually" vs "often and/or never." Numbers in some categories may not sum to the total (10,334) because of missing data. Data are adjusted odds ratio (95% confidence interval), unless otherwise noted. Estimates in bold are significant at . AOR, adjusted odds ratio; CI, confidence interval; ILI, influenza-like illness. P ! .05 5 of 7 preventive measures, including hand hygiene, barriers to indirect transmission, and face masks [4, 20] . A study conducted during the 2009 influenza A(H1N1) pandemic also found that increased anxiety was associated with increased hygiene, and in that study anxiety was measured by items with wording specific to H1N1 [6] . One possible explanation for our finding is that our anxiety measure was not specific to influenza and could be affected by other economic or social circumstances. In that case, individuals with higher anxiety could have pressing concerns that they considered more important than preventive measures against H1N1 infection, such as improved hygiene. However, we did observe an association between increased anxiety and increased frequency of house disinfection (Table 3) . A second possibility is that we have observed reverse causality, where greater use of hygiene measures reassured individuals that they would be protected against infection, leading to lower anxiety. Additional research is warranted to explore the role of anxiety in more detail, perhaps based on formal theories of the pathways between risk perception, attitudes, emotions, and behaviors. Female sex was associated with increased use of all 4 hand hygiene behaviors, and more education was associated with increased use of 2 of the 4 [5] . We found that knowledge that H1N1 could be transmitted by indirect contact was also associated with greater use of all 4 hygiene measures (Table 3) . Because approximately onethird of the population did not report knowing that H1N1 could spread by indirect contact (Figure 2) , this suggests the possibility that a hygiene campaign emphasizing the risk of environmental transmission might encourage hygiene improvements. However, hygiene behaviors are habitual, and habitual behaviors can be difficult to modify without structured interventions [21] .
Poorer self-rated health, higher perceived risk of infection, and greater worry if becoming ill were all associated with greater use of face masks, although there was no significant association between anxiety and the use of face masks. It is plausible to expect that greater perceived risk would lead to a greater motivation to protect against infection [5] . Face masks were worn by 175% of the population during the peak of the SARS epidemic in Hong Kong [20] , and since 2003 it has not been uncommon for individuals with acute respiratory illness to don surgical masks to protect those around them [22, 23] . Another study in Hong Kong found that approximately half of the population reported that they would don a surgical mask in public places if they developed flu symptoms [7] . However, there are limited data to support the effectiveness of face masks to prevent infection [24] , while the Hong Kong government did not recommend that face masks were worn in general community settings other than by individuals with respiratory illness. It appears that there was insufficient motivation through the local H1N1 epidemic to lead to widespread wearing of face masks (Figure 2) .
In contrast to hygiene behaviors, we found that social distancing was significantly associated with higher anxiety (Table  5 ) [5, 6] . Poorer health, greater perceived risk of infection, and greater worry if becoming ill were also associated with social distancing [5] . Social distancing is a natural response to the threat of infection from other people and has long been observed during severe epidemics [25, 26] but can have significant social and economic impact [27] .
Our study has a number of limitations. First, because our surveys were cross-sectional in nature, we cannot infer causal pathways from associations identified. Furthermore, our interpretation of the factors associated with preventive behaviors may suffer from reverse causality, if for example greater use of hand hygiene could have led to lower anxiety, rather than vice versa. More detailed longitudinal studies of changes in attitudes, risk perceptions, and behaviors over time would be needed to address causal relationships. Second, there could be potential selection bias away from working groups, although this should have been reduced by conducting surveys between 6:30 and 10: 30 pm on working days and during weekends. Without data on the nonrespondents, we were unable to assess potential selection biases. Third, telephone surveys rely on self-reported data, and response biases such as recall bias and social conformity bias may affect some of the results. However, previous studies have found similar responses between telephone and face-to-face interviews [28] , and telephone interviews have become an acceptable methodology for studying preventive behaviors during infectious disease epidemics [5] . Fourth, although we focused attention on community responses and preventive measures to prevent infection, it would be interesting to study behavioral responses when symptoms did develop. However, this was not possible with our sample size, where only 91 of 12,965 respondents reported influenza-like illness in the previous 2 weeks. Fifth, we were not able to study all potential factors that have been proposed as related to behavioral responses to epidemics, such as perceived barriers, normative pressure, and self-efficacy [5, 29] . Finally, Hong Kong's considerable experience with infectious disease epidemics in recent decades, including outbreaks of avian influenza (H5N1) and SARS [4, 30, 31] , may reduce generalizability to some other settings. On the other hand, Hong Kong's experience with the H1N1 pandemic after those past experiences may provide insights into potential experiences in future emerging epidemics in other populations, following the current global H1N1 pandemic.
In conclusion, this study illustrates that the H1N1 pandemic failed to generate significant self-protective responses among the Hong Kong community. Anxiety levels showed no association with episodic events such as the first reported H1N1 death in Hong Kong or increasing incidence. This suggested that for most people H1N1 was a background phenomenon of little concern, perhaps because of the memory of SARS in 2003, and because the public were initially reassured by government actions [7] . Levels of perceived risk were low, as were selfprotective behaviors; however, as other studies have typically reported, young males had the poorest hygiene and self-protective behaviors [5] , suggesting that this group could be problematic in the event of a serious influenza epidemic. The lack of substantial changes in hygiene behaviors during the height of the epidemic suggests that government attempts at improving community hygiene made little contribution to the mitigation of pandemic influenza in Hong Kong. This may be because the health impacts were relatively modest, so there was little motivation for people to change their behavior, despite ongoing government promotions and media coverage. The association between social distancing and anxiety raises the possibility of unavoidable economic consequences associated with emerging infectious disease epidemics. Our results highlight the difficulty of relying on community mitigation measures during a pandemic, because habitual behaviors like hygiene may be hard to change in response to an acute epidemic. More sustained and integrated attempts should therefore be considered.
